Sir Arnold Theiler said that he proposed to discuss mineral deficiency diseases in some of the larger domesticated animals by demonstrating a series of lantern slides:-(1) A typical case of osteophagia in cattle. The habit of chewing bones was one of the first symptoms of aphosphorosis or phosphorus deficiency. Low phosphorus was a characteristic of soils and pastures in South Africa, and in many areas became the direct or indirect cause of disease. (2) A case of " Lamsiekte," a fatal disease of cattle which had proved very baffling until it was linked up with osteophagia. The immediate cause of death was poisoning by the toxin of Clostridium botulinum. When animals died, from any cause whatever, under ranching conditions of farming, many of the carcasses were simply left to rot on the veld. If a carcass happened to become infected with Clostridium botulinum the skeletal debris became very toxic. Normal cattle would of course not eat such debris, but if they developed osteophagia they did so and then died of botulism. The remedy was to feed sterilized bone meal to the cattle to prevent abnormal bone chewing, and to reduce the amount of toxic d6bris by burying animals which died on the veld.
(3) A further stage of aphosphorosis in cattle, in which stunted growth and general malnutrition were obvious. (4) Two cattle of the same age were shown side by side, both limited to the natural pasture but one supplied with a daily supplement of a few ounces of bone meal. The difference was very striking, the bone-fed animal being nearly twice the weight of the one which was suffering from aphosphorosis. (5) The disease known amongst the Dutch farmers as " styfsiekteP or "stiff-sickness." This was an extreme form of aphosphorosis and corresponded to the diseases osteomalacia and rickets. Examination of bone sections clearly showed osteomalacia if the animal was adult, and rickets if the epiphyses had not yet closed. (6) There were depicted animals used in the experiments on the minimum mineral requirements of cattle, carried out by Theiler, Green, and du Toit in South Africa to clear up the a3tiology of the naturally occurring disease " styfsiekte." The experimental ration was deficient in phosphorus but adequate in other respects. The similarity between the experimentally produced disease and the naturally occurring disease was pointed out. By comparison, control animals on the same ration, except for the addition of phosphorus in the form of bran or of bone meal, were perfectly healthy. Attention was drawn to the fact that the ration of the heifer receiving bran contained calcium and a large excess of phosphorus, the ratio CaO/P20r being 1 to 3, but that had not proved disadvantageous. In these experiments the basal ration was very deficient in vitamins, but so long as the minerals were sufficient the cattle remained healthy and developed normally. Hence, an exogenous supply of vitamins was apparently unnecessary for cattle, as was originally shown by Theiler, Green, and Viljoen, eighteen years ago when cattle were fed on polished rice for over a year, with, in addition, only 2 lb. of poor-quality straw autoclaved at 130 C. as roughage. These experiments had been amply confirmed in recent years by American workers. Young calves apparently did require a small amount of vitamin A, but even wheat straw supplied sufficient for their needs. The question of vitamin D did not arise in these experiments, since the cattle were exposed to bright sunshine all day. Reference was made to recent American work in which a calf was brought up in the dark on an ordinary ration of grain and hay, and in due time produced a calf. This showed that such a ration contained sufficient vitamin D, and that the factor of ultra-violet light, so important JUNE-COMP MED. 1 in connection with human rickets, was less important for cattle. (7) A heifer was depicted, which had increased in weight from 350 lb. to 1, 100 lb. on a ration poor in calcium, less than 9 grm. CaO per day. This experiment had been designed to produce an acalcicosis, or calcium deficiency disease, and although that object was not achieved, the experiment was of value in showing how low the minimum calcium requirements of growing cattle were. Microscopic examination of the bones of this animal showed that there was no storage of surplus calcium phosphate but no skeletal disease beyond a slight osteoporosis. The deduction was that the calcium requirements of cattle were much lower than their phosphorus requirements. (8) X-ray photographs, and photomicrographs of sections of bones of the experimental animals were shown. From these it could be seen that the experimentally produced aphosphorosis was identical with rickets and osteomalacia, and that these diseases were produced in nature by phosphorus deficiency and by nothing else. (9) A chart was displayed which depicted the weight curves of animals pastured upon a phosphorus-deficient veld which gave rise to osteomalacia. One group of animals were controls and received the natural pasture only; the weight charts reflected their malnutrition. A second group received a supplement of bone meal (calcium and phosphorus), while a third group received a supplement of bran (rich in phosphorus, but poor in calcium); both of these groups thrived very well. The animals forming a fourth group received a supplement of chalk, and these were in worse condition than the controls. These charts showed that phosphorus, and not calcium, was the limiting factor under natural conditions, although from analyses of the pasture, deficiency of both calcium and phosphorus might have been assumed. (10) A bone disease of a different type, which was termed "osteodystrophia fibrosa." This occurred in horses and mules, and was commonly called ' equine osteoporosis." Microscopically, however, the condition was not one of osteoporosis, and the bone structure was seen to be an emergency one in which fibrous tissue predominated, and for which the term "osteodystrophia fibrosa" should be used. Sturgess, in Ceylon, had done pioneer work in clearing up the aetiology of this disease. In early days in South Africa, Theiler had regarded this disease as infectious in origin, but it had now disappeared completely from South Africa. Most of the sections shown were from cases in Ceylon which were provided by Sturgess, who had produced the disease experimentally by feeding on a ration very rich in bran and therefore with a very wide Ca/P ratio. Nimi, in Japan, had since set up the disease by feeding a ration of grain, and still more recently it bad been produced experimentally in the Philippines on a ration in which the Ca/P ratio was 1: 3. The disease apparently occurred on diets low in calcium and having excess phosphorus, but since no corresponding condition occurred in cattle it would appear that bovines and equines reacted differently to deficiencies and mineral imbalances. In grazing cattle true rickets and true osteomalacia were met with as a result of phosphorus deficiency in the pasture, but these diseases were not seen in equines in the same areas. In equines fed on excessive amounts of cereals or bran, and roughage low in calcium, the disease osteodystrophia fibrosa occurred, a disease not known in bovines. In neither of these animal species were any of the vitamin deficiency diseases seen. Professor S. J. Cowell: I propose to deal with deficiencv diseases which occur in man, and particularly with those which may be associated with dietary faults in our own country.
The possibility that a characteristic disease or group of symptoms can arise purely on account of a deficiency of some essential constituent in the diet is a comparatively modern conception in medicine. Perhaps the simplest example of a deficiency disease in human beings is scurvy, in which the evidence seems clear that the whole clinical picture is due to the lack of anti-scorbutic vitamin in the diet. In recent years many additionshave been made to the number of diseases that may be classed as deficiency 984 diseases; many of them are recognized as due to deficiency of vitamins, but, as we have heard already, important deficiencies may be produced by lack of mineral elements in the diet, and this applies to man as well as to domestic animals. We recognize a type of nutritional anemia, due to lack of iron and copper in the diet. Endemic goitre i3 another example of a mineral deficiency disease, for if it is not always caused directly by, it is related to, a deficiency of iodine. There are some diseases recognized as deficiency diseases which probably have a complicated origin.
When the diseases beri-beri and pellagra were first definitely related to specific faults in diets, there was a lack of agreement as to whether deficiency of some essential food factor was the sole cause of the diseases, or whether some toxic component of the diet was primarily responsible; even to-day the problem has not been definitely settled.
The diseases which we may consider to be deficiency diseases include, therefore, first, those which are pure deficiency diseases, and secondly those which may be due to a simultaneous defect of some essential constituent in the diet, and the presence of a positive harmful agent which would normally be neutralized by the deficient factor. This conception is well illustrated by the recent work of Mellanby on the effect of such toxic agents as ergot and the lathyrus pea on the nervous system. He has shown that these agents can produce degeneration in peripheral nerves and the tracts of the spinal column, leading to peripheral neuritis, inco-ordination and paralysis. But the toxic effects of these substances can be completely neutralized by an adequate supply of fat-soluble vitamin A in the diet. It appears reasonable to regard these intoxications which occur in human beings as deficiency diseases, because if an ample supply of vitamin A is present in the diet, they will not develop.
Lastly, there are diseases which may be produced by some toxic or infectious agent, but which are more likely to appear in people whose tissues have developed imperfectly for the reason that their diet had been defective in some special respects in earlier life. In this connection I would refer to dental decay. Impressive evidence has recently been obtained by Mrs. Mellanby to show that the liability of the teeth to decay depends largely on the structure of the teeth, which, in turn, depends on specific dietetic factors controlling the calcification of the teeth.
Then again, much work has been done, which will be mentioned in detail by other speakers, on the relation between deficiency of fat-soluble vitamins and the general liability to infections. Bacterial infections, in general, are not an expression of food deficiency, but there is some evidence that resistance to infection may be altered by the presence or absence of certain food factors in the diet.
What are the deficiency diseases at present met with in this country? I will refer, first, to diseases associated with deficiency of vitamins.
With regard to vitamin A, one of the earliest characteristic symptoms recognized as a specific effect of its deficiency was xerophthalmia. This disease is met with in our own country at the present time. Last year in a clinic in the North of England 17 cases of eye disease were found which could be directly related to deficiency of vitamin A. Xerophthalmia is often associated with another condition, acquired night-blindness, which has been proved to be associated with deficiency of vitamin A. These cases are very easily treated, and will respond in a few days to a supply of vitamin A in the diet.
Symptoms arising from deficiency of the factors comprising the water-soluble vitamin B complex are not common in this country. The disease of rice-eating populations, beri-beri, is associated with a deficiency of vitamin Bi, but it is not often met with in this country. Vitamin B2 deficiency is probably an important factor in the Ltiology of pellagra, but this disease is comparatively rare in this country. Recently experiments have been published indicating that in some experimental animals deficiency of vitamin B2 may result in the appearance of cataract; there are, as far as I know, no observations on human beings to suggest that a deficiency of this factor plays a part in the development of human cataract. 33 985 Proceedings of the Royal Society of Medicine Deficiency of the anti-scorbutic vitamin C manifests itself as scurvy. Scurvy is still sometimes met with in this country, both in adults and children. Since steps are now generally taken to give such anti-scorbutic substances as fruit juices to children from an early age, the infantile form of the disease has been less common.
Deficiency of vitamin D, the anti-rachitic vitamin, is responsible for the development of rickets and badly formed teeth in children and is also an important factor in the causation of infantile tetany. Deficiency of this anti-rachitic factor is not necessarily a dietetic deficiency, for this factor may be absent from the diet and yet may be manufactured in the skin by exposure to ultra-violet light and sunlight in sufficient quantities to make good the deficiency in the diet. But in our country the supply of sunlight cannot be relied on to compensate children for a deficiency of this vitamin in their food, so that special steps have to be taken to safeguard children from the development of symptoms of this deficiency.
Certain mineral elements may be deficient in our diets and cause symptoms of disease. One of the most striking instances is a deficiency of iron-and possibly of copper also-in milk, leading to the development of nutritional anaemia. When infants are fed exclusively on milk for long periods, especially on cow's milk as opposed to breast milk, anwmia is liable to appear in them. Dr. Helen Mackay has worked out the prevalence of this nutritional aniemia in children. She finds that it is very common in London; more than half the children she examined who were receiving cow's milk had a definite anaemia which could be prevented or cured by adding appropriate iron salts to the diet.
There are persons who suffer from specific dietetic deficiencies, not because their diet is lacking in the necessary factors, but because those factors are not absorbed by these particular individuals. I would remind you of the deficient fat absorption in children who have coeliac disease, which is commonly associated with rickets.
In such a case the deficiency leading to rickets may not be so much the defective amount of anti-rachitic vitamin in the diet, but its defective absorption, owing to the abnormal functioning of the bowel which seems to be the prime factor in the disease. In human adults there is a form of osteomalacia which is associated with steatorrhcea, that is to say, defective absorption of fats, and with it a defective absorption of anti-rachitic vitamin. Cases of deficiency diseases, for instance pellagra, have been recorded in persons who have undergone short-circuiting operations on the bowel, or who have developed fistule between the stomach and the large bowel.
With regard to the prevention of the conditions of which I have been speaking, this, in theory, should not be very difficult. Most of the essential food factors are present in a mixed dietary containing dairy produce, eggs, fresh vegetables and fruit, but many of these foods are too expensive to be purchased in adequate amounts by our poorer people, who are therefore liable to suffer from deficiencies of some of the essential elements which may manifest themselves indirectly, even if they do not produce typical deficiency diseases.
Dr. H. N. Green: I cannot claim any special knowledge of deficiency diseases in man for, with the exception of rickets and, more rarely, scurvy, frank deficiency disease is, so far as we know, of rare occurrence in this country. In the case of vitamin A, to which I shall confine my remarks, no case of complete deficiency leading to death has been reported in this country, though one or two cases with typical post-mortem findings have been described elsewhere. It should not be forgotten, however, that the early classical signs of this deficiency may sometimes be observed, even in this country. These cases are probably chiefly seen at ophthalmological clinics, for Spence has described seventeen cases of keratomalacia, associated with night-blindness, in a total of 4,100 eye cases. I have seen three 986 34 such cases in school children, all of whom showed Bitot's spots on the conjunctiva. These cases responded quickly to cod-liver oil and a high vitamin A diet. Spence did not find any marked evidence of susceptibility to infection in his cases, but seven out of eleven showed a form of indolent skin sepsis, which cleared up with vitamin A treatment.
Moore has recently described cases of retrobulbar neuritis, occurring in almost epidemic form amongst adolescent schoolboys in West Africa, which were apparently due to a dietetic deficiency, and which responded well to early treatment with cod-liver oil and marmite. This is particularly interesting in view of the work of Professor Mellanby, who has shown that vitamin A lack in dogs leads to marked degeneration of the afferent nerves, including the optic. The possibility should be considered that some forms of retrobutbar neuritis may be due to-or at least accelerated by-dietetic deficiency.
The susceptibility of many species of animals to local infections when the liver reserves of vitamin A are exhausted has now been amply proved. Carotene is just as effective in preventing these septic complications as is vitamin A; in fact, in a recent report by Turner and Loew, evidence that it may be more effective than cod-liver oil is presented. I have shown that this liability to local infection is also seen in the generative organs, particularly in the rat which has been pregnant. It has yet to be shown, however, in a decisive manner that vitamin A deficiency is responsible for a lowering of general resistance as distinct from local resistance, as in the latter case the infection is always associated with metaplasia of the epithelium at the site of infection.
Much work has already been done regarding the reaction of the vitamin-Adeficient animal to experimental infection. Amongst the more recent investigations, that of Lassen is the most extensive. Using a strain of paratyphoid he assessed the degree of lowering of resistance by the extent of spread of the infection in the reticulo-endothelial system. He concluded that in the vitamin-A-deficient rat this system loses its power of destroying the bacteria presented to it. The effect was more marked with oral infection, but was still obvious when infection was by a parenteral route. Boynton and Bradford, using an organism of the B. mucosus capsulatus group, claim to have found a lowered resistance in rats receiving a diet lacking vitamin A as early as the fourth week, whilst Zilva reported a marked lowering of resistance to infection with Bact. suipestifer in the vitamin-A-deficient rat.
On the other hand, several workers have failed to note any increase in resistance by feeding additional quantities of vitamin A to animals already receiving maintenance amounts of this vitamin in their diet. My own experience conforms with this, for in the rat I have not found any difference in response to infection with a lethal strain of haemolytic streptococcus, though the dosage of vitamin A or carotene was increased to a thousand times the maintenance dose.
Naturally, possible changes in the natural and acquired antibodies in the blood of vitamin-A-deficient animals have been much sought for, but the evidence is somewhat conflicting and in the main negative. A thorough investigation of this type was recently reported by Ruth Green, whose chief positive finding was a marked lack of xresponse in the vitamin-A-deficient rabbit to immunization with sheep or ox-red cells. There was also a slight tendency for the titre of the acquired agglutinins to Bact. typhosus to be lower than that in control animals. In rachitic rabbits these changes were not found.
My own work on experimental infections in vitamin-A-deficient animals has been extensive but inconclusive. This kind of investigation is not so simple as it might appear, for it is necessary to control with care the tendency of the deficient animal to die from deficiency disease alone. With acute infections, due to colon organisms, results were completely negative from the standpoint of mortality rates. Later, a more chronic type of infection was tried, using a strain of hamolytic streptococcus (Arenson-Warmerscher). The details are far too numerous to quote, but many series of deficient animals showed a higher mortality rate and lower survival time than did the control rats. In a few series this difference was verv striking, but in other apparently similar experiments little difference was noted. A statistical analysis of the results did not warrant the conclusion that there is a marked fall of resistance in the vitamin-A-deficient rat.
It appeared that a still more chronic infection, induced in an animal whose diet was only partially deficient in vitamin A, would tend to show any possible fall in resistance more definitely. To this end, work was undertaken with the tubercle bacillus as infecting agent, and it was finally found possible to produce infection in the normal rat in a considerable percentage of cases, though this animal is usually highly resistant to this organism. However, the results were mainly negative, and no definite fall in the resistance of vitamin-A-deficient rats to tubercular infection was observed. In a few instances an enormous infection was seen in adult rats which had been given a vitamin-A-deficient diet for long periods, but similar gross infections were also noted occasionally where very large doses of cod-liver oil had been given. Deficiency in the vitamin B complex, or in both vitamins A and B, and also a gross quantitative restriction in a complete diet, all appeared to lower the resistance of the rat to tubercular infection. It was also observed in the rabbit that a large increase in the vitamin A, B or D supplies, given either by mouth or intravenously to the rabbit on a normal diet did not materially affect the survival time or the extent of the lesions resulting from intrayenous infection with bovine tubercle bacilli.
A fair appraisal of the present position regarding our knowledge of experimental infection and vitamin A deficiency would appear to be as follows: There is probably a slight lowering of the general resistance to all types of infection. There is possibly a more marked lowering of resistance to certain types of organisms, particularly to those which chiefly invade regions lined by mucous membrane.
I can only touch on the question of human infections and their response to vitamin A treatment. During the outbreak of xerophthalmia amongst children which occurred in Denmark after the War, Bloch observed the marked prevalence of urinary tract and respiratory infection. Whilst 80% of vitamin-A-deficient children were found to be infected, only 30% of scorbutic cases were infected. Professor Mellanby and I have shown that the addition of extra amounts of vitamins A and D to the diet of pregnant women appears to reduce the tendency to puerperal sepsis. We have also found a diminished mortality-rate in puerperal septicaemia, which was apparently due to treatment with vitamin A preparations. In a series of eighteen cases in which positive cultures of the hemolytic streptococcus were found during life in the blood, only five deaths occurred. It must be admitted that some of these cases were clinically not severe, but even if only definitely severe cases are included there were five recoveries in eleven cases of septicaemia (including one staphylococcal case, which died). Out of a total of sixty-one cases, clinically diagnosed as septicaemia during three years at the same hospital, thirty-four were treated with vitamin A, with a mortality-rate of 38%, whilst twenty-seven were untreated for various reasons, with a mortality-rate of 70%. This apparently favourable effect has not, however, been confirmed. Miss Thompson, working at Glasgow, found no diminution in the mortality-rate as a result of this treatment, only two recoveries occurring in eighteen cases of septicomia. She thinks that, whilst vitamin A may increase the resistance in mild cases of puerperal sepsis, it is of no value in severe cases. Dr. Colebrook, in a smaller number of cases, has also not confirmed our results.
The difference in results may be fortuitous or it may be due to some factor in our mode of treatment which was not duplicated in other investigations, such as the nature of the general diet or the earlier onset of treatment, but I feel that investigations on these lines should continue, and that in future work particular attention should be paid to the diet of the patient, especially in regard to the supply of ample protein and calcium, and perhaps vitamin B. The question of the absorption of the vitamin preparations should also be considered. My findings in the livers of women dying from puerperal sepsis show that a fair proportion are devoid of, or contain only minimal quantities of, vitamin A. In thirteen cases I have examined since the publication of the preliminary findings, five have shown very low reserves of vitamin A. This fact alone indicates that the diet of these women did not contain sufficient vitamin A, and probably therefore did not contain other essential food factors. It is important also to note that a marked lowering or complete absence of vitamin A reserves can apparently occur in man without any frank signs of vitamin A deficiency appearing.
The findings of Moore, Wolff and myself show that large vitamin A reserves may co-exist with severe grades of infection. Future workers must realize that vitamin A is not specific or even of value against all types of infection, and they should concentrate on finding the type in which it is beneficial. Negative results have been reported by Orenstein in the treatment of lobar pneumonia, and by Barenberg and Lswis in the respiratory infections of children. On the other hand, Ellison has recently reported definitely favourable results in reducing the death-rate from measles.
The more one sees of spontaneous infections arising in badly fed animals, the more one is impressed that this must be of some significance in human infections. All who work with experimental animals, particularly the rabbit and guinea-pig, know their marked tendency to infection when green-stuffs are lacking in the diet. The future will probably show that vitamin A is of significance in human infection, but more particularly in association with other factors in the diet. The physiology of this vitamin is almost unknown; its mode of absorption, the mechanism of its release from the liver into the blood-stream, and its significance in terms of biochemistry must all be determined before we can evaluate its possibilities in the prevention of disease.
Mr. M. C. Franklin (Canterbury Agricultural College, New Zealand): The districts in New Zealand in which deficiency diseases occur are fairly restricted in area. The diseases can be classified as follows: (1) Iodine deficiency; (2) Bush sickness (iron deficiency); (3) Mairoa disease (lime deficiency); (4) Wairarapa disease (Waihi disease) (phosphate deficiency); (5) Miscellaneous diseases, such as xanthin calculus formation in the kidneys of sheep.
(1) Iodine deficiency.-A detailed investigation of the iodine content of the soil of various areas has revealed a deficiency of iodine which, with a few exceptions, can be correlated with the occurrence of goitre in children [1] . In stock animals it has not been possible to show that ill-effects follow a deficiency of this element. Thus, in 1929, an experiment [2, 3] with approximately 160 sheep was commenced at Canterbury Agricultural College, on land which was considered to be iodine deficient. The animals were divided into two groups, one group being treated regularly with potassium iodide per os. Records of the live weight of the ewes, hoggets and lambs, lambing returns and wool returns from dosed and control sheep have been kept. Examination of the records dealing with live weights, lambing returns and amounts of wool, so far, show that treatment with iodine has no influence on sheep grazing on a land reputed to be iodine deficient.
(2) Bush sickness (iron deficiency).-This condition is identical with that known in Scotland as "pining " in sheep, as " nakuruitis " in cattle, in Kenya, and as "coast disease" in cattle, in Tasmania. Work on this disease was begun in 1900 by Aston, who considered it to be due to iron deficiency of the pasture, on account of the severe antrmia associated with it. Further work extending over a number of years has verified this, and curative and preventive methods are now available. Originally, phosphate of iron was used for treatment, but in 1918 this was replaced by iron ammonium citrate. As both these forms of treatment ire expensive, Aston, in 1925, began to use ground-up iron ore as a preventive. In 1927, in consequence of the marked success achieved by Orr in the use of Scottish bogiron with cattle in Kenya affected with a disease similar to bush sickness, Aston was encouraged to continue the use of spathic iron ore, and later powdered limonite (hydrated iron oxide), mixed with salt, as a lick for breeding ewes and lambs. An account of the success attending these preventive measures has been published [4] .
(3) Mairoa disease or " Mairoa dopiness."-In this area of country in the central part of the North Island, sheep are liable to suffer from malnutrition, with general lightening of the bones, and unless removed to healthy pastures they eventually die [5, 61. The condition is considered by many to be due to a lime deficiency in the pasture. Curative measures consist of dressing the land with about two tons of lime to the acre or with a mixture of 5 cwt. of lime and 2 cwt. of superphosphate.
In the investigation of bush sickness and Mairoa disease the New Zealand Geological Survey Department has greatly assisted in mapping out the areas affected. These occur in what was originally an area of considerable volcanic activity and which is now covered with the debris or " volcanic ashy" of a number of volcanic showers, varying from a few inches to several feet in depth. This now forms the surface soil on which the vegetation in many areas has to grow. The Geological Survey has classified the various volcanic showers. That on which bush sickness occurs has a low iron content. The volcanic shower (or rather series of showers) in the Mairoa area is somewhat porous in texture, and since in this district there is a fairly heavy rainfall (up to 100 inches in parts) the soil has suffered considerable leaching of its lime.
(4) Wairarapa disease or Waihi disease.-This is considered to be caused by a deficiency of phosphate in the pasture of affected areas. Although normally in the Wairarapa district cattle can be reared and fattened quite well, during very dry seasons malnutrition of the bones has, been recorded on certain farms. Aston [7, 81 has shown that during these seasons the phosphate content of the pasture has fallen considerably (average 0.33%), and work extending over several years has shown that rainfall and phosphate content of the pasture have a more or less direct relationship, high rainfall being associated with a high phosphate content, whilst conditions of drought coincide with a very low phosphate content and the appearance of this disease in certain areas.
(5) Xanthin calculi in sheep.-The occurrence of xanthin calculi in the kidneys of sheep was brought to the notice of workers at the Cawthron Institute in 1929 [9] . This occurred in the Moutere Hills district of the Nelson province in the South Island, an area noted for its poor soil and pasture, both of which are low in lime and phosphate. It has been suggested that the low mineral content of the pasture may affect the purine metabolism and so give rise to the formation of xanthin calculi.
In areas where the land has been dressed with lime and phosphate the trouble has not recurred.
In October, 1931, at the Institute of Animal Pathology, Caambridge, I began to study the biochemical and nutritional effects of a low-calcium diet on sheep. Young wether lambs and fully matured ewes were kept on a low-calcium diet of 1 to 1-5 g. lime (CaO) per day, the diet in all other respects being satisfactorily balanced. Metabolism experiments were carried out on the lambs, and in the ewes the effect of successive pregnancies was studied. Bone and blood analyses were made at regular intervals. From the results obtained I feel convinced that many of the results obtained on mineral deficiency problems should be revised. I do not wish to suggest that the condition of the experimental animals has been wrongly described, but I tiink the interpretation of the cause of the trouble has too frequently been incorrect because some workers have failed to realize that the diet is deficient, not only in the particular constituent studied, but often in other respects also. As an example may be mentioned the case of Mairoa disease in New Zealand. Aston gives the amount of lime (CaO) in some of the poorest Mairoa pasture as 0 7 per cent. If a sheep consumed from 21 to 3 lb. of this pasture per day it would receive from 5 * 6 to 8 e 4 g. lime (CaO). I know personally of areas where good, healthy sheep are reared on pasture from which they would derive a smaller daily intake of CaO than this, and I therefore find it difficult to believe that the trouble is due to the pasture being low in lime. Aston has, of course, shown conclusively that the Mairoa soil is lime deficient, and has stated that originally, after forest burns some years ago, stock thrived there on the good type of pasture then present, but owing to the gradual leaching out of the soil nutrients with the heavy rainfall the pasture has gradually reverted to an inferior type consisting of danthonia, fog, etc. In view of this, would it not be reasonable to assume that the cause of the trouble among sheep in the Mairoa district is not a lime deficiency per se, but a lowered level of nutrition resulting in general malnutrition ?
In my work at Cambridge, ewes which were receiving only about 1S5 g. CaO per day for the last eighteen months and which during this period have had two pregnancies are still normal in appearance. I believe this supports my opinion that the main trouble in Mairoa dopiness is due to some other factor or factors. Topdressing with 5 cwt. of lime and 2 cwt. of superphosphate per acre cures the trouble, but this at the same time improves-the quality of the pasture, so that while a manuring experiment of this nature will prevent the disease, it does not enable us to determine the cause.
Dr. H. H. Green said that Sir Arnold Theiler, with whose researches in South Africa he had been associated, had dealt with bovine aphosphorosis but had not referred to sheep. In some areas sheep also suffered severely from phosphorus deficiency. Recently, B6kker had described " lamkruis" in the Cape Province, a skeletal disease involving fracture of the pelvic bones. In the area concerned the bones of the sheep were often fragile, and ewes seldom came into cestrum. Sheep were not bred there, but farmers brought up sheep from other areas and made use of the poor pasture for maintenance. Although the animals did not grow well, they produced' a wool of peculiarly fine texture which commanded a high price on the Bradford market, and this to some extent compensated for the low yield; such wool, however, was really pathological and associated with aphosphorosis.
The relationship between aphosphorosis and fertility should also be mentioned. Both cows and ewes appeared to adjust the birth-rate to meet the occasion. There were many areas in which the phosphorus deficiency was not so acute as to produce actual disease; in these the cattle could get along in a sub-optimal state of nutrition and complete their life cycle. Under these circumstances, however, annual calving was rare-a calf every second year being the rule-and oestrum was delayed for a long time after calving.
So far as the blood picture in aphosphorosis was 'concerned, inorganic phosphorus was characteristically low, and was even reduced to one-fifth of the normal. So characteristic was this phosphata3mia that workers in South Africa were now using it to map out the country in respect to phosphorus-deficient areas; instead of a laborious analysis of soils and pastures, a rapid preliminary survey could be obtained by examining the blood of grazing animals.
Professor Cowell had mentioned diseases which were not actual deficiency diseases in themselves but were nevertheless associated with diet, e.g., the association between dental caries and avitaminosis. Similar indirect associations could be quoted from the field of animal husbandry, e.g., between aphosphorosis and death from " obscure causes." Even the mortality from poisonous plants was reduced by feeding phosphorus compounds, although at first sight there was no obvious connection, the probable reason being that animals suffering from phosphorus deficiency, and showing osteophagia, lost their sense of discrimination for different plants. An extreme case of indirect operation of a dietary deficiency had been mentioned in connection with lamsiekte-botulism arising from the ingestion of toxic carrion.
Another form of indirect association related to certain worm diseases. Both in Australia' and South Africa there had been reported a higher mortality from worm infestations when there was an associated nutritional deficiency, specific malnutrition probably lowering the resistance to parasites. Even in Great Britain there was ground for suspecting that certain enteritic disorders of young pigs were indirectly associated with malnutrition, although superficially they were infections of some sort.
Speaking of changes in the mineral composition of the blood associated with mineral deficiencies, it should be noted that such blood changes could also occur independently of nutritional deficiency, e.g., "lactation tetany," a condition which occurred in cows when transferred from stall-feeding to pasture. Here the change of dietary was apparently associated with the onset of the condition, but there was no evidence that it was in any sense a deficiency disease. In " lactation tetany" there was a marked fall in blood magnesium-to about a quarter of the normal value-but this was not due to any deficiency of magnesium in the pasture. In " milk fever" of cows there was a marked hypocalcaemia, which could be abolished by inflating the udder and which, therefore, had no connection with the calcium content of the food. Conversely, a peculiar hypercalcaemia was associated with " equisetosis" of cows, i.e., poisoning with Equisetum palustre contained in hay or silage; some time after ingestion of this plant there was often a marked rise in blood-calcium wbich persisted for a week or more after cessation of feeding on the plant. This had nothing to do with the calcium content of the ration, but was a toxic effect.
With regard to the failure to produce an acalcicosis in cattle, it should be mentioned that on a ration low in calcium, which caused a slight osteoporosis, there was no material fall in blood-calcium or blood-phosphorus. The blood-calcium was apparently controlled within fairly narrow limits even on calcium-low diets, so that a pronounced hypocalcaemia, when it did occur, was to be attributed to a disturbance of the physiological mechanism for regulating blood-calcium and not to low dietary calcium. It would be interesting to carry out an experiment with still less calcium in the ration than in the case referred to by Sir Arnold Theiler.
No mention had been made of iodine deficiency disease in domesticated animals.
The most interesting case of this was " foetal athyrosis " of young pigs, the so-called " hairless pig malady," which Ennis Smith, in America, had shown to be due to deficiency of iodine in the ration of the breeding sow. The young pigs were born hairless, and many died shortly after birth, and were found to have defective thyroid glands. The trouble had been abolished by the simple expedient of supplying a trace of iodide to the sows, usually in the form of iodized salt.
Mr. Franklin had cited "bush-sickness" of cattle as an iron-deficiency disease.
The so-called " nakuruitis " of Kenya and " salt-sick " of Florida came into the same category, while in Scotland the sheep disease "pining" or "vinquish" was attributed to the same cause. These diseases were characterized by malnutrition and anaemia, and could be prevented and cured by administration of iron; in New Zealand and Kenya a lick containing ferric oxide was used, while in Florida a trace of a copper salt was also added. There was still room to doubt, however, whetber these diseases were due solely to deficiency of iron in the pasture, and the fact that they responded to iron therapy was not complete proof. In view of the difficulty of producing a direct iron-deficiency disease in laboratory animals one had the impression that many of the pastures concerned, although low in iron, were not so low that iron deficiency could be incriminated as sole cause. He did not wish to dispute the generally accepted view, but merely to point out that the inquiry should be carried further. Most of the work had been done by agricultural chemists, and veterinary studies were scanty. There were, for example, no records of morphological studies of the blood, and no attempts appeared to have been made to classify the anaemias shown in these diseases.
Dr. W. R. Wooldridge said that work on the pig would serve to illustrate two important deductions in regard to deficiency diseases. The first was that results obtained in experimental animals could not, without further research, be applied to other species of animals. It had already been insisted that avitaminosis was very difficult to produce in ruminants per se, and work on the pig had shown that with this animal it was impossible to produce vitamin C deficiency. Vitamin A deficiency had been produced after prolonged experiments, but only after keeping two generations on an A-free diet. "D " avitaminosis could be readily produced in the pig, and could be caused by a calcium deficiency, which was not the case with the ruminant. In fact pigs kept in stalls were liable to suffer from rickets, owing to the fact that their cereal diet had a low calcium content. Rickets could also be readily produced in the pig by a lack or vitamin D or absence of sunlight, whereas both these factors appear to have little influence in the ruminant. With rickets, however, it was not simply a question of the lack of some essential dietary factor, but of dynamic equilibrium also. The essential point about bone formation was the deposition of calcium phosphate at the site of the bone, a phenomenon influenced by a number of factors. The first was the requisite concentration of the two ions, calcium and phosphate; this could not invariably be obtained by including sufficient calcium and phosphorus in the food, for the question of absorption of these elements from the alimentary tract came in. There was evidence to suggest that this absorption varied with different foods, or with the form of the calcium and the phosphorus in the different foods, while there was further evidence to show that vitamin D acted as an antirachitic agent, at least in part, because it controlled, to some extent, the diffusion of calcium through the alimentary wall.
In addition to these factors which obviously influenced the concentration of calcium and phosphorus in the blood, others were involved in the balance of the necessary elements. Thus, it might be necessary to have an optimum balance of inorganic ions, for on feeding potassium in excess to pigs receiving adequate calcium and phosphorus, it was found that the calcium and phosphorus retention was greatly decreased and that a condition not unlike rickets was produced. The concentration of the calcium and phosphate ions in the blood was influenced by the presence of an enzyme-bone phosphatase-at the site of bone formation. This enzyme converted organic phosphates into inorganic phosphates, and so increased the concentration of the latter. In this way the product of the concentrations of the phosphate and calcium ions was raised through the presence of the enzyme and, if it exceeded the solubility point, calcium phosphate was deposited from solution.
Other factors which might influence the concentration of calcium and phosphate ions in the blood were hormones, while certain forms of metabolism might have an indirect influence. Thus, sugar was metabolized through an organic phosphate form, and hence, a variation in the sugar content of the blood would alter the concentration of the phosphate ions in the blood. This variation would influence the process of bone formation, which, as had been pointed out, depended upon the product of the concentrations of the calcium and phosphate ions. It was important then to realize the complexity of the factors involved in the aetiology of deficiency diseases. Some factors bore directly upon the problem, whilst others had an indirect influence by altering some dynamic equilibriuim which itself depended upon some factor essential to the chemical changes directly concerned in the metabolism upset by the nutritional deficiency. It must be remembered that most physiological processes were dynamic, and that health depended upon the maintenance of an optimum state of equilibrium.
He would conclude by asking two questions with a clinical bearing. It was stated in the literature that lack of vitamin A led to xerophthalmia, and this was probably true in the case of human beings. In the dog there were a number of eye diseases resembling that condition, and running concurrently with such diseases as distemper. Had clinicians present found that the administration of vitamin A in such cases of distemper had any value? The other question was whether clinicians had found it useful to administer vitamin B in various nervous diseases met with in the dog, such as paraplegia which could be produced in the dog by lack of vitamin B.
Professor G. H. Wooldridge, in answer to the last two questions, said that at the Veterinary College they had regularly administered cod-liver oil in xerophthalmia and other diseased conditions of the eye, and the results had been very beneficial when this had been done in addition to local measures. As to vitamin B, the same applied, not only in paraplegia, but even more markedly in hyperasthetic conditions of the skin, in which the animal could not bear a touch without shrinking; in a number of these cases marked improvement followed the administration of vitamin B.
Dr. H. H. Green, in reply to a question, said he did not think that milk fever had anything to do with low calcium in the ration of the cow. He considered that the hypocalcEemia of that disease was solely due to disturbance of the physiological mechanisms controlling the level of blood-calcium. In their attempts to produce a calcium-deficiency disease Sir Arnold Theiler and he had cut down the dietary calcium of two cattle to below 9 g. per day, but in spite of this the animals grew normally, showed normal blood-calcium and did not develop milk fever on calving.
Mr. Franklin (in reply) said that the Cawthron Institute in New Zealand had been carrying out important work with " bush-sick " pasture. Research workers there had found that the problem could be tackled satisfactorily by finding how much soluble iron could be extracted from the soil by NIIO oxalic acid in the area where " bush sickness " occurred. In the affected areas the iron content of the soil was low. Bush sickness was not found to occur among stock which were grazing on pasture which was growing on soil with a higher iron content.
In connection with the Mairoa disease, a theory had been advanced recently by some workers that cyanogenetic glycosides were the cause of the trouble, and that clovers contained a fair amount of these. There were reasons, however, which led him to think that the above theory was untenable and, as mentioned earlier in the discussion, he felt that Mairoa disease probably resulted from general malnutrition.
From the physiological point of view there were many features which were not yet clear, and much more work was required.
